Objectives: In Poland, occupational exposure to cold microclimate is quite common (5.1 workers/1000 occupationally active people). Reports on health effects of this exposure are rather scarce. The aim of the study was to evaluate the physiological reaction in workers occupationally exposed to cold microclimate. Materials and Methods: Examinations were performed in a group of 102 workers (41 women and 61 men) employed at cold storage units. The mean age in the group was 39.1 ± 9.9 years and the duration of employment under conditions of cold environment was over 12 years. The study population was divided into four groups, according to microclimate conditions (group I, ambient temperature -26°C; group II, 10-14°C; group III, 18-20°C, control group; and group IV, 0-10°C). The workers underwent the following procedures: general medical examinations, cold pressor test, ambulatory blood pressure monitoring, and heart rate variability (HRV) analysis (time-and frequency-domain parameters). Results: The results were adjusted for confounding factors (age, smoking and drinking habits). The analysis of HRV parameters did not reveal any significant differences between the study groups. However, systolic and diastolic blood pressure (BP) in the daytime and at night was significantly higher in group IV compared to group II. Mean heart rate (HR) in the daytime and at night and the BP and HR day/night ratio did not differ between the groups. The analysis of BP by gender revealed that in women, systolic BP during the day and at night was significantly higher in group IV than in group II. In the group of workers with hypertension (18 men and 5 women), men reacted to the cold pressor test either by increased or decreased BP while all the women reacted by the increased BP. Conclusions: Our findings indicated that in workers exposed to cold microclimate, the physiological reaction was dependent on gender and ambient temperature. Women seemed to be more sensitive to cold stress than men. However, this finding must be further investigated.
INTRODUCTION
Cold environment is one of the factors that may induce adverse health effects. However, this problem remains largely unsolved [1] . Most of the studies intended to explain the control mechanisms of systemic functions under conditions of exposure to cold microclimate have been performed in laboratories and involved intensive but rather shortterm exposures [2, 3] . Reports on physiological reactions and health effects of long-term occupational exposure to moderately low temperatures are rather scarce. In Poland, occupational exposure to cold microclimate is quite common; it concerns 30 874 workers (5.1 workers per 1000 occupationally active people). Exposure to low temperatures is a major problem for people working in the open air (e.g., forestry, agriculture, municipal services or transportation workers) and those employed at some branches of the food industry (frozen fruit, vegetables, meat, ice cream or other dairy products). Among forestry workers, exposure to cold microclimate applies to 31.9 per 1000 employees, while the corresponding ratio for the food industry work-ers is 29.3/1000. The number of workers exposed to low temperature continues to grow. Therefore, it seems desirable to explain the physiological reaction to work in cold microclimate, which will help improve workers' protection against adverse health effects. It is likely that a long-term exposure to cold environment may significantly affect the activity of the autonomic nervous system, which can lead to cardiovascular disturbances (e.g., arterial hypertension) [4] . The role of the neurovegetative regulation is to adjust the cardiac function and vascular response to different activities and states of the cardiovascular system (sleep, mental and physical effort, various emotional states) under varied environmental conditions, such as ambient temperature, atmospheric pressure, etc. The regulation is effected through the autonomic nervous system and the hormones produced by neurosecretory neurons [5] . The aim of our study was to assess the physiological reactions (arterial blood pressure, heart rate (HR), heart rate variability (HRV)) in workers occupationally exposed to cold microclimate. The HRV analysis was performed since it helps assess the sympathetic and parasympathetic activity of the autonomic nervous system and thermoregulatory processes [5, 6] . The method has become commonly used in the diagnosis of diabetic neuropathy and risk assessment of sudden cardiac death in post-infarction patients as well as in screening other cardiovascular and neurological disorders [6] [7] [8] [9] [10] [11] . It is also used in experimental physiological studies [12, 13] , but rarely in examinations of workers exposed to various occupational hazards [14] . Ambulatory blood pressure monitoring (ABPM) makes it possible to identify people with high risk of developing arterial hypertension [15] [16] [17] . This method is also effective in monitoring arterial hypertension, particularly during the unstable period of the disease as it eliminates the "white coat hypertension" effect [18] [19] [20] . People under ABPM are able to carry out their normal professional and daily activities.
MATERIALS AND METHODS
The study was approved by the Regional Biomedical Ethics Committee. All subjects were informed about the study protocol and submitted their written consent.
We have decided to examine people at varied levels of exposure to different ambient temperatures. Examinations were performed in a group of 102 (41 women and 61 men) cold storage workers, aged 39.1 ± 9.9 years with more than 12 years of employment under conditions of cold microclimate. The men and women did not differ with respect to age and overall employment duration. However, the women had a significantly longer history of exposure to cold microclimate at work ( Table 1) . The study population was divided into four groups, each employed under different microclimate conditions (Table 2) :
Group I -28 freeze room workers, exposure to ambient temperature -26 o C for about 30 min per day. The male workers were involved in pork-half loading and unloading. Energy expenditure for this job was calculated at 1660-2020 kcal per work shift. This range corresponded with heavy or very heavy physical work, with high static workload and medium work strain. The female workers performed light auxiliary work with low static workload and low level of monotype movements.
Group II -44 workers involved in foodstuff (icecream and noodle) production. Their job involved exposure to ambient temperature between 10 o C and 14 o C for 8 h/day. Energy expenditure for female workers ranged from 750-1200 kcal, corresponding with medium-heavy, heavy or very heavy physical work, whereas for male workers it amounted to 1200-1700 kcal, which stood for medium-heavy or heavy physical work. Static workload in this group was assessed as medium or high. In most cases the work strain was also high.
Group III -8 workers employed in in-plant workshops under exposure to ambient temperature of 18-20 o C for 8 h/day and performed medium-heavy or heavy physical work (1150-1620 kcal for male workers and 800-1120 kcal for female workers). The static workload was medium or high and the work strain was low or medium. This group did not meet the criteria for working in cold microclimate since the ambient temperature below 0 o C occurred only occasionally, in emergency situations. Therefore, this group was assumed to be the control group.
Group IV -44 workers of the meat department at a hypermarket, with exposure (8 h/day) to ambient temperature varying from 0 o C to 10 o C. The male workers were engaged in cutting up pork-halves and handling activities. Their energy expenditure varied from 1130 to 1870 kcal, depending on the type of work performed. This range was classified as medium-heavy and heavy physical work. The female workers handled meat packaging that was assessed as heavy physical work (energy expenditure 1020-1190 kcal). All the workers employed at workposts under study wore protective clothing as specified in occupational safety and health regulations.
All the examinations were performed in the winter season, during morning hours, in workers taking up their duties after the night rest. The workers underwent the following procedures:
general medical examinations with office blood pressure (BP) measurements (systolic BPS_O and diastolic BPD_O);
an interview oriented towards the risk and presence of ischemic heart disease and other cardiovascular diseases, including family history of metabolic and cardiovascular diseases; cold pressor test (CPT). It was performed on each subject after a 5-min rest. Before the test, systolic and diastolic BP (BPS_B, BPD_B) and heart rate (HR_B) were measured, using an Omron M5-I device. Then the subject immersed one hand in ice water (3 o C) for one min. Immediately after the test, blood pressure (BPS_A, BPD_A) and heart rate (HR_A) were checked again; ambulatory blood pressure monitoring (ABPM). It was performed during workers' regular occupational and other daily activities, using the Medilog ABPM System, and had to be properly coordinated with the working cycle. The measurements were carried out automatically, every half an hour during daily activities and every hour during sleep. Altogether, approximately 40 measurements were made for each worker. Mean systolic and diastolic blood pressure (BPS and BPD) and HR daytime activity (D) and night-time rest (N) were calculated with Staessen's standards of BP as the reference values [21] . The day-night ratios were determined for systolic and 
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diastolic blood pressure (BPSD/BPSN, BPDD/BPDN) and for heart rate (HRD/HRN). The normal values of BP and HR ratios are 1.1 or more. Subjects with BP ratio lower than 1.1 are called non-deepers (subjects without the physiological decrease in blood pressure at night); resting ECG with HRV analysis. HRV was analyzed using the Medea-HRV computer system (Gliwice, Poland), which consists of a three-channel low-noise biological amplifier, a 16-bit AD digitizer and IBM PC 486/33 MHz. The ECG signal was sampled at a rate of 2 000 samples per second and filtered to remove the ectopic activity and artefacts prior to R-R interval file generation. The system is characterized by high accuracy of QRS detection; 512 consecutive, normal cardiac cycles were registered under resting conditions. Short-term ECG records were used to calculate non-spectral (time-domain) and spectral (frequency-domain) HRV indices. Statistical analysis made it possible to calculate the following parameters: mean R-R interval (AVG R-R); R-R standard deviation (STD R-R); median (MED), modal (MOD), minimum (MIN) and maximum (MAX) R-R values. R-R interval was the subject to Fast Fourier Transformation (FFT) using Blackman-Harris window. The power spectrum density (area covered by the power spectrum) was computed for the following frequency bands: very low (VLF): 0.0167-0.05 Hz; low (LF): 0.05-0.15 Hz; high (HF): 0.15-0.35 Hz, ultra high (UHF): 0.35-0.50 Hz, and expressed as a percentage of spectrum power in the 0.0-2.5 Hz range. According to the commonly adopted interpretation, the HF power spectrum is parasympathetic-mediated, while the LF one is sympathetic-mediated. The LF/HF ratio indicates a sympathovagal balance [6, 12] .
For each type of workpost, the overall level of workload was determined based on estimates for energy expenditure (using the method of indirect calorimetry), static workload, and work strain due to monotype working movements according to the method of Kirschner and Kock.
For each worker, the required clothing insulation quotient (IREQ) was determined. This indicator is calculated based on direct measurements of ambient temperature, air flow rate, mean heat radiation and energy expenditure. Based on the workers' reports on the kind of working clothes worn by them, the thermal insulation of clothes was calculated (clo).
Statistical analysis
The obtained results were analyzed with use of Student's t-test (for normal distributions) or the non-parametric Mann-Whitney test (for other distributions), the Chisquare test and analysis of variance with multiple comparison tests, Fisher's exact probability test, and multiple linear regression.
RESULTS
Medical examinations and interviews indicated that the study groups were similar with respect to the level of leisure time physical activity and the dietary habits. They differed with respect to age ( Table 2) . No significant differences could be found between the study groups regarding overall workload, static workload and work strain due to monotype working movements. It was found that for the energy expenditure at the workposts under study, the required thermal insulation of clothes ranged from 0.6 to 1.30. Insulation of clothes worn by workers fell within the required range for this parameter [ Table 1 ]. The statistical analysis showed that group IV was significantly (p < 0.05) younger (mean age, 33.8 ± 10.4 years). Arterial hypertension was reported in the interview by 11 workers (4 women and 7 men). Our analysis of BP and HR on office examination revealed that BPD_O was significantly higher in groups I and III than in group IV (Table 3) . Mean systolic and diastolic blood pressure and HR values in ABPM measurement in all the study groups were normal [21] . The between-group comparison of results for ABPM revealed that mean BP in the daytime and at night was significantly higher in group IV than in group II. The mean HR, both in the daytime and at night, did not differ between the groups. The BP and HR day/night ratios did not show statistically significant differences (Table 3) . In ABPM, six (21.4%) workers from group I, three (6.8%) from group II, one (12.5%) from group III, and six (27.3%) HR_O -heart rate (office measurement); BPSD -systolic blood pressure during the day; BPDD -diastolic blood pressure during the day; HRD -heart rate during the day; BPSN -systolic blood pressure during the night; BPDN -diastolic blood pressure during the night; HRN -heart rate during the night; BPSD/BPSN -night drop of systolic blood pressure; BPDD/BPDN -night drop of diastolic blood pressure; HRD/HRN -night drop of heart rate; NS -not significant. HRD -heart rate during the day; BPSN -systolic blood pressure during the night; BPDN -diastolic blood pressure during the night; HRN -heart rate during the night; NS -not significant.
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workers from group IV showed an increased systolic BP during the day, but the difference was insignificant. During the night, increased systolic BP was observed in six (21.4%) workers from group I, eight (18.2%) from group II, three (37.5%) from group III, and 11 (47.8%) workers from group IV. The between-group difference was statistically significant (p = 0.015). The increased diastolic BP during the day and the night was recorded in a few workers, but the difference was statistically insignificant. The non-deeper phenomenon was detected in 31 (37%) workers. Percentage of non-deepers in particular groups did not differ significantly. The analysis of blood pressure by gender revealed that in the female workers, BPSD and BPSN were significantly higher in group IV than in group II. In male workers, these variables were also higher in group IV, but the difference was not significant (Table 4) . Before CPT, systolic BP in group I (148.4 ± 19.0) was found to be significantly higher than in groups II (131.8 ± 15.6) and IV (132.4 ± 16.4) (p = 0.0011). No differences were detected in diastolic BP or HR. After the test, systolic BP in group I was significantly higher than in group IV (147.1 ± 18.2 vs. 134.9 ± 14.4) (p = 0.0433).
The CPT results revealed that 50 workers showed the increased and 44 ones the decreased BPS values. Most of the workers (66 vs. 28), presented the increased BPD after the cold pressor test. The number of subjects responding to CPT by blood pressure growth was twice as high in female workers than in male workers (24 vs. 12) . At the same time, more male workers (32 vs. 26) reacted to this test by a decreased BPS. In the group of workers (18 males and 5 females) with elevated blood pressure observed in ABPM and/or earlier diagnosed, the male workers responded to CPT either by increased or decreased BP, while all female workers responded by the increased BP. The age of the male and female workers with hypertension did not differ significantly.
The analysis of time-domain HRV parameters did not show any statistically significant differences between the study groups. Slight, insignificant differences (p = 0.065) in R-R standard deviation were observed between groups III and IV. However, group III embraced the oldest subjects, which could explain the lowered HRV in this group (STD R-R).
The spectral analysis revealed that the power spectrum in all bands (VLF, LF, and HF) did not differ in the examined groups. Multiple linear regression analysis was used to assess how the neurovegetative regulation can affect the cardiovascular response to the work in cold environment. After CPT, the positive correlation between VLF and systolic BP (BPS_A) (p = 0.0076) and the negative one between HF and systolic BP (BPS_A) or heart rate (HR_A) (p = 0.058 and p = 0.0007, respectively) were found. We also observed statistically significant correlations between HRV parameters, HR, and BP before the cold pressor test and BP and HR measured on office examination (BPS_O, BPD_O, HR_O). The details of this analysis are shown in Table 5 . Negative correlation of borderline significance (p = 0.06) was found between VLF and ambient temperature in workers exposed to temperature of 0-10 o C at work (group IV).
DISCUSSION
Some authors report that occupational exposure to cold environment may contribute to the development of arterial hypertension [4] . However, our results showed that the prevalence of hypertension in workers occupationally exposed to cold microclimate was lower than in the adult population of Poland (25% vs. 29%). This can be attributed to the "healthy worker effect," i.e. the fact that people with hypertension avoid jobs associated with exposure to cold environment, whereas for healthy ones this does not make much difference. Our analysis of CPT results indicated that female workers were more sensitive to cold-related stimuli, and those with hypertension were particularly sensitive; they responded to CPT by the increased BP. No relationship like that was detected in the male workers. The results of ABPM also showed that in male and female workers, the systemic response to work under conditions of cold microclimate was different. In the studies performed by Kasagi [22] in the general population of Japan, the BP response to CPT was more evident in men than in women. It was also important whether the work was performed at temperatures below or above 0°C. In the workers employed at very low temperatures, the systolic BP was similar before and after CPT, indicating their good adaptability to low-temperature conditions. On the other hand, those employed at temperatures of up to 14 o C (groups II and IV) had a slightly higher systolic BP after the test, which may indicate their higher sensitivity to cold. The between-group comparison of ABPM values revealed that the physiological response was stronger for prolonged (8 h) exposure to moderately low temperatures (0-10°C) than for short-term (about 30 min) exposure to very low (-26°C) temperatures. In the subjects working for 8 h at 0-10°C, higher systolic BP values were noted not only in the daytime, but also at night. This would mean that the effects of stress associated with exposure to low-temperature prevail not only during the exposure period, but also afterwards. A higher BP at night as well as lack of drop of BP during night is an unfavorable prognostic symptom indicative of a higher risk of left ventricle hypertrophy and of other hypertension complications [23] . This symptom could be detected only by ABPM. The ABPM method may prove to be a useful tool in occupational medicine as it offers the possibility of monitoring changes in BP associated with work performance. The lack of significant differences in HRV parameters between the groups exposed to different environmental conditions evidenced the workers' good tolerance for such working conditions. This was supported by the results of multiple regression analysis showing that HRV was modulated rather by age than by exposure parameters (duration of exposure to cold environment, workplace temperature, and energy expenditure). The HRV analysis indicated that arterial BP and HR in people exposed to low ambient temperatures were modulated by the very low-and high-frequency components of the R-R spectrum. Information on the slowest (VLF, below 0.05 Hz) component is scarcely available; it is supposed to be affected by parts of the autonomic nervous system as well as by the thermoregulatory processes and the renin/angiotensin system [5, 6] . However, the latter relationship is disputable to some authors [12] . The renin/angiotensin system plays an important role in the pathogenesis of arterial hypertension through angiotensin II acting on blood vessels [24] . The negative correlation between HF power spectrum and systolic BP or HR in the study population after CPT indicated that the parasympathetic activity decreased in response to the stress evoked by low temperature. Our findings imply that the exposure-related BP variation in the study population could be associated with the increased activity of the renin/angiotensin system (VLF spectrum power) and with the decreased parasympathetic activity (HF). The results of our earlier studies in workers exposed to electromagnetic fields provide evidence for a significant positive relationship between the level of arterial blood pressure and VLF power spectrum [25, 26] . The present findings confirm our earlier observations. The negative correlation between arterial blood pressure at ABPM and HF power spectrum points to a significant role of the parasympathetic system in blood pressure regulation. Increased HF activity is related to both lower BP and lower HR. This supports a hypothesis on the protective role of the parasympathetic system in cardiovascular functions. The positive relationship found between the LF/HF ratio and HR confirms the conjecture that increased HR is associated with the dominant activity of the sympathetic nervous system in the neurovegetative regulation. The correlation between the activity of the autonomic nervous system within the VLF band and the arterial blood pressure after CPT indicates the significance of this frequency range in thermoregulatory processes. Our findings cannot be compared with the results of other investigations since to our best knowledge no such studies have been carried out to date. However, single reports from experimental studies are available. For example, Fleisher et al. [27] demonstrated that the decreased temperature was associated with the increased VLF power spectrum
CONCLUSIONS
The results of our study indicated that the reaction of cardiovascular system in workers exposed to cold microclimate depended on gender and ambient temperature. Women seemed to be more sensitive to cold stress than men. However, owing to a small number of the subjects examined, this finding must be further investigated in a larger study. The lack of differences in HRV parameters between the study groups showed the workers' good tolerance for such working conditions. This might have been due also to the fact that the workers examined wore appropriate protective clothing, which was confirmed by the calculated IREQ value.
